Background: Although patients treated with maintenance hemodialysis are at an increased risk of colorectal cancer compared with the general population, national practices for colorectal cancer screening have not been reported in this population. We assessed the performance of colorectal cancer screening in the US end-stage renal disease program in comparison with the US Medicare population.
Introduction
Colorectal cancer (CRC) is the third most commonly reported cancer among US Medicare patients receiving hemodialysis [1] , and reported rates are significantly higher than among the general population [2, 3] . However, there is currently no information on practices for CRC screening among end-stage renal disease (ESRD) patients. It is therefore impossible to assess whether such practices are appropriate. Prior cost-effectiveness studies indicated that routine CRC screening in the ESRD population would exceed general thresholds for cost-effectiveness [4] . Such analyses have generally not accounted for the way in which the US ESRD population is stratified into a minority of patients who are candidates for kidney transplantation and those who are not candidates, in terms of cancer screening generally. Thus, considering the better health and improved life expectancy for potential and actual transplant candidates, cancer screening for potential transplant candidates is generally aggressive and at least consistent with recommendations for the general population [5] [6] [7] [8] [9] [10] . Specifically regarding colonoscopy among potential kidney transplant candidates, it is recommended that 'All patients >50 years of age should have screening colonoscopy' [11] . Conversely, it is often assumed that the reduced life expectancy among dialysis patients who are not transplant candidates attenuates any potential benefits of screening [12, 13] .
It has been difficult to assess the impact of recommendations for individualized approaches taking into account basic characteristics such as age, gender and primary disease [14] . However, results of a national survey indicated that nephrologists were likely to recommend screening for breast and cervical cancers but not colon cancer [15] .
Screening for CRC is more invasive than for other cancers, since national trends have shifted toward performance of colonoscopy rather than noninvasive fecal occult blood testing (FOBT) [16] , which was reported to be useful in identifying polyps in patients treated with dialysis [17] . Colonoscopy, at least at one time, was reported to have specific hazards for patients with chronic kidney disease due to the risk of acute kidney injury from phosphate purgatives, although currently such preparations are not recommended for patients with impaired kidney function or those >50 years of age [18] .
In addition to an increased risk of colon cancer, ESRD patients are at an increased risk of upper and lower gastrointestinal (GI) bleeding compared with the general population [19, 20] , which would require exclusion or adjustment for such conditions in analyses. Additionally, hemodialysis (HD) and peritoneal dialysis patients are at risk for different GI disorders, with bleeding complications more common among HD patients [21] . Therefore analyses would need to stratify upon dialysis modality.
Because current guidelines for the general population recommend scheduled screening for 'average risk adults' between ages 50 and 75 years [16] , we set out to assess the performance of CRC screening in the US ESRD program in comparison with the US Medicare population, using the mutually most recently available data from the United States Renal Data System (USRDS) and the Centers for Medicare and Medicaid Studies (CMS).
Materials and methods

Study design, data sources and sample selection
Using standard analysis files from the USRDS, a national ESRD registry, we performed a retrospective cohort study to determine annual rates of CRC screening use in ESRD HD patients compared with a 5% Medicare sample for 2002-11.
We first identified HD patients who had full Medicare Part A and B coverage in each study year in order to ensure collection of complete claims data for patients. The annual cohort of patients eligible for CRC screening was further limited to patients who did not have CRC or a primary lower gastrointestinal bleeding hospitalization for at least 6 months. Medicare inpatient and physician/supplier billing data were used to identify patients' CRC status in this analysis. CRC patients were those with at least one hospitalization and/or two outpatient/physician encounters in a 6-month observation period with a CRC diagnosis in Medicare billing data. [The Supplementary Appendix provides the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes used to identify CRC and lower gastrointestinal bleeding in Medicare claims.] The selection of HD patients in year 2011 is outlined in Table 1 . The same criteria were used to identify HD patients eligible for CRC screening in other study years.
Using a 5% Medicare sample, we then identified Medicare beneficiaries eligible for CRC screening in each available data year (2003-06), selecting those who were enrolled in Medicare Part A and B coverage for 12 months (with no managed care enrollment for the year) and who were CRC-free and without a primary lower gastrointestinal bleeding hospitalization. The selection of Medicare beneficiaries in 2006 is outlined in Table 2 . The same criteria were used to identify eligible Medicare beneficiaries for CRC screening in other study years.
Patient characteristics and outcome
Patient characteristics were taken from the Centers for Medicare & Medicaid Services Medical Evidence Form (CMS-2728), and included self-reported gender and race (white, black or other). Based on age at ESRD initiation, patients' ages for subsequent years were assigned. We further categorized patients' ages in each year into four groups (0-50, 50-64, 65-74, and ≥75 years). Colorectal screening in ESRD | 723 
Statistical analysis
Annual test-specific rates [and 95% confidence intervals (CIs)] were computed, representing the percentage of eligible individuals in the denominator for each year that had the specific type(s) of test in that year. The following descriptive statistics were calculated: (i) annual percentage of HD patients with an endoscopic procedure (colonoscopy or sigmoidoscopy); (ii) annual percentage of HD patients with an endoscopic procedure or FOBT; (iii) annual percentage of HD patients with colonoscopy in the 50-64 and 65-74 years age groups; (iv) annual percentage of Medicare beneficiaries with colonoscopy in the 50-64 and 65-74 years age groups; (v) annual percentage of HD patients with FOBT in the 50-64 and 65-74 years age groups and (vi) annual percentage of Medicare beneficiaries with FOBT in the 50-64 and 65-74 years age groups. Proportions were compared across age, sex, race and kidney transplant waiting list status groups using chisquare tests.
We also presented the percentage of HD patients with an endoscopic procedure and the percentage of HD patients with an endoscopic procedure or FOBT, by the number of years eligible for CRC screening and kidney transplant waiting list status.
All analyses were conducted using SAS version 9.2 (SAS Institute, Cary, NC, USA). Table 3 presents the number of HD patients eligible for CRC screening (overall and by age group, sex, race and kidney transplant waiting list status) each year from 2002 to 2011. In 2011, 201 611 HD patients were eligible for CRC screening, a 40.6% increase over the eligible 143 407 HD patients in 2002. As of 2011, 58.2% of HD patients were between the ages of 49 and 75 years (69 582 and 47 834 patients in the 50-64 and 65-74 years age groups, respectively), which is the recommended screening population in guidelines, and 19.3% of HD patients were on a kidney transplant waiting list.
Results
There was a slight annual increase in the proportion of HD patients who received colonoscopy or sigmoidoscopy for CRC screening over the 10-year study period, from 0.5% (95% CI 0.46-0.54) in 2002 to 1.0% (95% CI 0.93-1.02) in 2011. In each year, HD patients 50-74 years old and on a kidney transplant waiting list were more likely to receive a colonoscopy or sigmoidoscopy compared with those in other age groups and those who were not on a kidney transplant waiting list (all P < 0.001; Table 4 ).
The proportion of HD patients receiving any test for CRC screening (colonoscopy, sigmoidoscopy or FOBT) decreased from 6.1% (95% CI 6.01-6.26) in 2002 to 3.3% (3.26-3.41) in 2011, due to decreased use of FOBT (data not shown). The group with the highest screening rate was those >75 years of age from 2002 to 2005 (between 6.7 and 7.5%), the 65-74 years age group in 2006 and 2007 (6.7 and 4.7%, respectively) and the 50-64 years age group in 2008-11 (4.0%). However, patients on kidney transplant waiting lists consistently had higher screening rates than did non-wait-listed patients (all P < 0.001; Table 5 ).
Each CRC screening test has a recommended test interval: annually for FOBT, every 5 years for sigmoidoscopy and every 10 years for colonoscopy. However, due to high mortality in the HD population, only ∼ 20% (121 021 of 560 657 patients) of our study population had >4 eligible years for CRC screening. Table 6 shows a slight increase in the proportion of patients who ever received colonoscopy or sigmoidoscopy by longer eligible years of CRC screening in the wait-listed HD population: from 8.0% (95% CI 7.7-8.2) in the 1-2 eligible years group to 12.0% (11.2-12.8) in the 9-10 eligible years group. Patients not on kidney transplant waiting lists consistently had lower screening rates than did wait-listed patients (all P < 0.001). The same finding was observed in the proportion of HD patients receiving any test for CRC screening (colonoscopy, sigmoidoscopy or FOBT).
As shown in Figure 1A , in the 50-64 years age group, annual colonoscopy use rates in wait-listed HD patients, in non-waitlisted HD patients and in Medicare beneficiaries slowly increased [22] we also assessed colonoscopy rates including both diagnostic and screening codes. For the only comparable year, 2005, the percentage of general Medicare patients in the age range of 50-64 years who had a colonoscopy performed that year was 4.5% (95% CI 4.43-4.64). In the non-wait-listed HD patients the rate was 4.8% (95% CI 4.57-4.99), and among the wait-listed HD population, it was 9.4% (8.87-9.94). Among patients in the range of 65-74 years, the percentage of general Medicare patients who had a colonoscopy that year was 6.3% (95% CI 6.21-6.33), of the non-wait-listed HD population it was 5.1% (4.84-5.29) and of the wait-listed HD population it was 10.3% (9.33-11.20) .
Discussion
The results of the present study show distinct trends in the comparison of performance of CRC screening between the US HD and general Medicare population and within the ESRD population.
Among those 50-64 years old, FOBT was performed more often among the general Medicare population than among wait-listed US HD patients, although recently this difference was negligible. FOBT rates among non-wait-listed HD patients were substantially lower. Performance of colonoscopy for wait-listed HD patients exceeded that in the general Medicare population in this age group. In contrast, colonoscopy rates for the non-wait-listed HD and the general Medicare population were similar.
Among those 65-74 years old, performance of FOBT was substantially higher among the general Medicare population than wait-listed HD patients, and even more so in comparison to non-wait-listed HD patients. FOBT decreased markedly in the general population while remaining more stable in the HD population. Colonoscopy performance was essentially identical in general Medicare and wait-listed HD patients, while non-waitlisted patients had substantially lower screening rates.
National performance of CRC screening was previously reported by Smith et al. [22] , using data from the National Health Interview Survey (NHIS; http://www.cdc.gov/nchs/nhis.htm) for the years 2005-08, assessing the prior 10-year performance of FOBT in the previous year, sigmoidoscopy in the past 5 years and colonoscopy in the past 10 years. The NHIS had no information on computed tomography colonoscopy or barium enema. Important differences between that report and the present study were that the NHIS was a survey, and did not distinguish between screening and diagnostic colonoscopies, and was also subject to recall bias. Although data are therefore not comparable with the current study due to differences in methods, Smith et al. reported an increase in rates of CRC screening, primarily due to the increased use of colonoscopy. Multiplying our annual percentages by 10 to obtain 10-year estimated utilization rates, for the year 2005 (the only year available for comparison in both studies), Smith et al. reported that 35% of patients in the age range of 50-64 years and 45% of patients >65 years of age had colonoscopy in the past 10 years. In the present study, 10-year extrapolated percentages for patients in the age range of 50-64 years are ∼27% for wait-listed HD patients, 9% for non-wait-listed HD patients and 14% for the general Medicare population. For those in the age range of 65-74 years, extrapolated 10-year percentages are ∼20% for wait-listed HD patients, 6% for non-wait-listed HD patients and 20% for general Medicare patients.
Using the methodology of Smith et al. [22] , and assessing both diagnostic and screening colonoscopies, 10-year extrapolated rates were ∼45% for 50-64-year-old general Medicare patients (compared with 35% for Smith et al.) and 63% for general Medicare patients in the age range of 65-74 years (compared with 45% for Smith et al.) . Ten-year extrapolated percentages for nonwait-listed HD patients in the age range of 50-64 years were ∼48%, and for wait-listed HD patients, 94%. For 65-74-year-old non-wait-listed HD patients, the corresponding percentage was 51%, and for wait-listed HD patients, 100%. However, factors such as race, ethnicity and socioeconomic status (regardless of health care coverage) were related to lower use of CRC in those analyses, which we did not confirm. Smith et al. report also showed that CRC screening rates were higher among patients >65 years old compared with those 50-64 years old, for reasons not yet determined, but consistent with the present study.
FOBT and colonoscopy both have specific limitations as screening tests in the HD population. The high use of heparin anticoagulation in HD may affect the false positive rate for FOBT, since standard recommendations for FOBT are to discontinue anticoagulants or antiplatelet agents before testing, if possible [23] .
Use of a more invasive test such as colonoscopy raises concerns among elderly HD patients, many of whom are frail and prone to iatrogenic complications. However, the current literature does not show a higher complication rate for colonoscopy in HD patients, although there are almost no published data on this topic. Earlier cases of acute phosphate nephropathy presumably would not be an issue in the HD population due to contraindications of associated colonoscopy preparations [24] [25] [26] [27] .
The present analysis shows a clear disparity among HD patients on the transplant waiting list compared with those who were not. This could be expected given current recommendations, which encourage universal screening for wait-listed candidates, while no recommendations apply to non-wait-listed HD patients. In fact, existing cost-effectiveness studies and editorials discourage such screening [12, 13] .
Because existing guidelines for transplant candidates recommend colonoscopy and not FOBT, the most relevant screening in this group for comparison purposes is colonoscopy. Wait-listed HD and Medicare patients have similar colonoscopy rates. In fact, among HD patients in the age range of 50-64 years, use of colonoscopy was higher than in the general Medicare population. Among those in the age range of 65-75 years, the use was essentially identical. To some extent this is appropriate, since screening is recommended for all wait-listed HD patients before an intermediate-risk elective surgery (kidney transplantation), while the general Medicare population is a mixed group. Also, the 50-64-year-old general Medicare population is Medicare eligible on the basis of disability (the cause of which cannot be disclosed), not solely by age, and thus may represent a higherrisk population for whom a lower screening rate is appropriate. However, this does not explain the lower use of colonoscopy among 50-64-year-olds found in the general population by Smith et al. [22] compared with patients >65 years.
Additionally, although cancer screening is recommended for HD patients on a transplant waiting list, in this study we showed comparable rates of CRC screening between wait-listed HD patients and the general Medicare population, and a lower rate in non-wait-listed patients. This is somewhat surprising, as patients on the transplant waiting list are supposed to be documented as free of cancer generally, and colon cancer specifically, which is a more stringent standard than for the general population. The low rates among non-wait-listed HD patients are likely due to either lack of existing guidelines or less stringent guidelines for this group. However, given the steadily declining mortality among the dialysis patient population, previous assumptions may need to be verified. Unfortunately, the data available to us are not sufficient to determine a cause of these rates, but do highlight that this is an area worthy of further investigation.
Our ascertainment of the screening procedures was mainly based on annual procedures. Based on available data and because of the high mortality rate in the HD population, for only a small portion of patients were we able to assess the 10-year use. However, given the large sample size (essentially the entire HD population and a 5% Medicare subsample), 10-year extrapolation from annual use seems reasonable. Annual use was the only way to compare HD and general Medicare patients directly. Our ascertainment using Medicare billing data has been widely used for other procedures, and has been reported for colonoscopy in other studies [28, 29] . Dialysis patients are not more likely to present at a later stage of cancer compared with the general population [30] . However, in the same analysis, CRCs were significantly more likely to be diagnosed early in dialysis patients.
While the use of colonoscopy seems equivalent among waitlisted HD patients and general Medicare patients, among the non-wait-listed HD patients it was much lower. Given the reduced life expectancy of age-comparable HD patients and the general population, this might seem reasonable. However, even among a cohort of patients enrolled on the transplant waiting list (who, according to guidelines, should be free of cancer prior to consideration for transplant and treatment with immunosuppressive medications), rates reported in this analysis are still low. Reasons for this should be further investigated. The same is true for non-wait-listed HD patients, who, although they do not meet the same standard as patients requiring immunosuppression, may have excess mortality from low rates of CRC screening. Further, mortality has steadily declined among HD patients during the last 10-15 years, and earlier estimates of life expectancy may no longer be valid. Given the high risk of CRC in this population, new cost-effectiveness/utility studies are needed.
